A systematic classification method for polymers is not yet available in case of using near infrared spectra (NIR). That is why we have been searching for a systematic method. Because raw NIR spectra usually have few obvious peaks, NIR spectra have been pretreated by 2nd derivation for taking well modulated spectra. After the pretreatment, we applied classification and regression trees (CART) to the discrimination between the spectra and the species of polymers. As a result, we obtained a relatively simple classification tree. Judging from the obtained splitting conditions and the classified polymers, we concluded that obtained knowledge on the chemical function groups estimated by the important wavelength regions is not always applicable to this classification tree. However, we clarified the splitting rules for polymer species from the NIR spectral point of view. peak regions as the important variables for the classification, all signals under 0 were corrected to be 0. Using such pretreatments for the spectra, we should find classification conditions from just the positive absorption region of the spectra. We applied CART 7 (classification and regression trees), one of the decision tree methods, to the pretreated spectra for the 18 groups' classification under the condition of a leaveone-out validation method. As a result, we created the classification tree (Fig. 2) for 18 group polymers, where our error rate was about 3.0% (7/231 × 100, see Table 2 ). The error rate depends on the definition of what we assume to be PP or to be PE. If we compare CART to the Plascan's Mahalanobis method, we see that Mahalanobis is a stable classification method because it uses all the spectral data. However, the decision of the delimination position will be differently according to the variety of samples. On the other hand, in the case of CART, the hyper space distinction line is drawn at the center between one type of plastic and the other types of plastics. Therefore, in some cases, CART could be more visible. This tree ( Fig. 2) has the structure in which the polymer groups with a small number of samples are classified at the earlier splitting stages and the groups with large numbers of samples are split at the latter splitting stages. Still more, similar characteristic groups, for example, PA6 (T15) and PA66 (T16) with -(C=O)-NHchemical group or PE (T2), PP (T1) and PS (T3) composed from just carbon and hydrogen, are relatively near each other. ABS (T5), PC/ABS (T6) and PC (T7) are also near each other. Table 3 shows every node, the associated important wavelength region for splitting, the estimated chemical structure, 8 and every terminal node with the classified chemical polymer species. Multiple wavelength regions should be selected if there could be several wavelength regions with the same ability for the classification. For example, in case of node 1, there are 3 important wavelength regions: 1335.5 -1338, 1477.5 -1478.5 and 1482.5 nm. These regions have the same discrimination powers. In Fig. 2 , the shortest important wavelength region at every node is selected as an example. Because this is a group of classification conditions inductively obtained, there is sometimes the possibility that the obtained important wavelength regions are more correct than those in an earlier qualitative table.
Still more, in the case of node 3, larger absorption intensity groups (T15 and T16) at 1556. just hydrocarbons. Because 1909 nm means the chemical structures of R-OH, it is not easy to interpret this classification condition. Although we should not be always able to interpret the chemical meanings of every splitting condition, we should be able to take enough clues to find the chemical differences between two groups. The important variables are relatively calculated and are shown together with the pretreated spectra (normalized, 2nd derivative over 0), in Fig. 3 . Judging from this figure, we see that 1662.5, 1757.5 -1760.5, 1769 -1771 and 2161 -2164 nm are important regions for the classification and are strong absorbance regions in the 2nd derivative spectra; 1380, 1680, 1733 and 2200 -2400 nm are not important regions for the classification but are relatively strong absorbance regions in the 2nd derivative spectra. Likewise, 1355, 1410, 1469 and 1960 nm are important regions for the classification but are weak absorbance regions in the 2nd raw spectra. That is to say, absorption is not always strong in the wavelength regions that are important for the classification.
Conclusions
The classification result of polymer groups is posteriori learned with the CART. One of the most characteristic points of CART is that it can tell the interpretable and concrete classification conditions to us. CART would find direct and simple classification conditions from the spectral data. That is why we found a systematization method for distinguishing plastic groups. 
